Background: Recent investigations have demonstrated a positive association between periodontitis and pregnancy complications. The purpose of this study was to determine the effect of periodontitis and the subgingival microbial composition on preeclampsia.
P reeclampsia is a rapidly progressive condition observed during pregnancy, characterized by hypertension and the presence of protein in the urine. At least 3% to 5% of pregnancies are affected, resulting in high morbidity and mortality around the world. 1 Altered vascular-related conditions have been proposed as the main pathogenic mechanisms leading to placental endothelial damage. [2] [3] [4] Preeclampsia is also associated with short-and long-term abnormal cytokine responses in the mother and the fetus, related to high circulating levels of tumor necrosis factor (TNF)-a, interleukin (IL)-10, and IL-6. 5 Thus, the result is an inflammatory vascular damage that induces preeclampsia and other pregnancy complications such as low birth weight (LBW) or preterm births. Understanding the initiating etiologic factors may serve to properly design preventive and therapeutic strategies.
It has been proposed that subclinical infections may contribute in the etiology and pathogenesis of several atherosclerotic and systemic diseases. 6 Higher incidences of bacteriurias, urinary tract infections, and/or other asymptomatic diseases have also been reported in pregnant women with preeclampsia. [7] [8] [9] [10] [11] Periodontal disease is also a chronic infection that exposes the host to microbial challenges (antigens and virulence factors) for extended time periods. 6, 12 Most studies addressing the relationship between periodontitis and adverse pregnancy outcomes have shown that women with poor oral conditions may be at risk of premature birth. 13, 14 However, other studies have found no relationship between periodontal health and adverse pregnancy outcomes. 15 In a prospective study, severe periodontal disease was a high risk factor for preterm birth in pregnant women before 32 weeks of gestation. 16 A recent study in 763 pregnant women showed that preeclamptic women have more periodontitis than non-preeclamptic women. 17 Although infection of any kind in pregnant women represents a risk for adversities in the developing fetus, periodontal disease may have a significant role in the pathogenesis of preeclampsia.
Recently, Herrera et al. 18 established that the early identification of risk factors, the administration of nutritional supplements, and the treatment of asymptomatic infections lowered the preceding incidences of preeclampsia in 15,354 pregnant women from low socioeconomic status in Colombia, where preeclampsia is a prevalent disease (8%). These authors hypothesized that chronic subclinical infections may cause increased maternal cytokine levels sufficient to affect vascular endothelial function, thereby making pregnant women prime individuals for the subsequent development of preeclampsia. Therefore, the purpose of this study was to investigate the possible association between periodontal disease and preeclampsia in a sample of Colombian pregnant women.
MATERIALS AND METHODS

Study Population
A case-control methodology was used in this study, previously approved by the Institutional Review Boards (IRBs) of the University of Valle, Cali, Colombia. All women signed a written informed consent at the first interview. In the case of underage subjects (£18 years old), the corresponding parent signed the authorization for study inclusion. Women with preeclampsia attending the University Hospital (HUV) and controls attending a basic health facility (Siloe health center) were enrolled in this study between 
Clinical Examination
A clinical record regarding personal information, marital status, race, education level, number of pregnancies, and medical examination was completed for all patients. Preeclampsia was defined as high protein levels in urine (2+ proteinuria), confirmed by at least 0.3 g proteinuria/24 hours and hypertension ( ‡140/ 90 mmHg). All women were at 26 to 36 weeks of gestational age. Women with no health complications were assigned to the non-preeclamptic group (controls). Previous consumption of antibiotics (3 months before study inclusion) and periodontal treatment, gestational diabetes, non-confirmed preeclampsia, hypertension before pregnancy, malaria, hemolytic anemia, elevated liver enzymes, and low platelet count (HELLP) syndrome, and any other infection other than periodontitis served as exclusion criteria. Low birth weight was assumed when <2,500 g.
Clinical measures of periodontal health were determined in all subjects, including sulcus/probing depth (PD), gingival recession, and periodontal clinical attachment loss (CAL). Sulcus/probing depth was measured in millimeters with a UNC-15 periodontal probe at six sites per tooth as the distance from gingival margin to periodontal attachment. Gingival recession was determined by measuring the distance from the cemento-enamel junction to the gingival margin in millimeters and rounded down to the next millimeter. The clinical attachment loss was calculated from recession and probing depth measures and represents the distance in millimeters from cemento-enamel junction to periodontal ligament attachment. Periodontal disease was classified according to the American Academy of Periodontology. 19 Patients were classified as having gingivitis if no pocketing (£3 mm), no bleeding on probing, and no gingival inflammation were present. Chronic periodontitis was defined when two or more sites showed pocket formation ( ‡4 mm), periodontal attachment loss ( ‡4 mm), and bleeding on probing. Chronic periodontitis was further stratified according to severity as follows: incipient (4 to 5 mm clinical attachment loss) and moderate/severe ( ‡6 mm clinical attachment loss). No dental radiographs were taken due to the special conditions of the patients. Periodontal health was determined when there was absence of obvious clinical inflammation, bleeding on probing, and no periodontal attachment loss.
Subgingival Microbial Examination
Subgingival plaque samples were obtained from the four deepest sites by inserting paper points in the sulcus/pocket bottom for 15 seconds and pooled in a vial containing viability-maintaining anaerobically prepared (VMGA III) transport medium. 20 The samples were analyzed using microbial culture techniques for the presence of periodontopathic bacteria according to Doan et al. 21 and Slots. 22 Briefly, most samples were processed before 24 hours, taken at room temperature (25°C), and immediately incubated in CO 2 and anaerobic culture systems. Brucella blood agar medium enriched with 5% sheep blood and hemin menadione was incubated at 35°C in an anaerobic jar for 7 to 10 days. The trypticase soy-serum bacitracin vancomycin (TSBV) medium was incubated in 10% CO 2 in air at 37°C for 3 days. Presumptive identification was performed according to methods described by Slots and Reynolds 23 and Rams et al. 24 and by the use of a biochemical identification system for Actinobacillus actinomycetemcomitans, Porphyromonas gingivalis, Prevotella intermedia/nigrescens, Tannerella forsythensis, Campylobacter spp, Eubacterium spp, Fusobacterium spp, Micromonas micros, Eikenella corrodens, Capnocytophaga spp, Dialister pneumosintes, b-hemolytic streptococci, Staphylococci spp, and yeasts. ‡ Total viable counts (TVC) were defined as the total number of colony forming units obtained on non-selective media plates. Species found on selective media were enumerated, and their percentage of TVC was calculated. Special attention was paid to the growth of Gram-negative enteric rods and yeasts on TSBV and Brucella agar. Gram-negative enteric rods were sub-cultured and colony purified on MacConkey and Cetrimide agar plates and identified using a commercial kit. §
Statistical Analysis
A sample of 131 cases and 262 controls was calculated to detect differences with an a error of 0.05 and b of 0.2 taking into account the prevalence of the periodontal disease in the 25-to 40-year-old group in Colombia (National Survey of Dental Health 1999 [ENSAB III]). The sample size was calculated using a statistical package. i Univariate and bivariate analysis were performed. Differences between continuous variables were evaluated with the two-tailed t test for variables that were normally distributed and the Kruskall-Wallis test for variables that were not normally distributed. Chi-square or Fischer exact tests (if the smallest value was <5) were used to analyze differences in categoric variables. The odds ratios (ORs) and confidence intervals (CI) were also calculated using a statistical package. ¶ Statistical significance was estimated as P <0.05.
RESULTS
The demographic and obstetric status of the study sample is depicted in Table 1 . A total of 373 pregnant women were included, corresponding to 130 in the preeclamptic group and 243 in the nonpreeclamptic group, whereas 45% were pregnant for the first time. Most women (97.1%) lived in urban residencies of low-level socioeconomic status. Twentynine percent (28.7%) of the women only finished elementary school; most women (70.8%) had a secondary education level, and only two subjects (0.5%) had a university education level. Table 2 presents the blood pressure status in the preeclamptic and non-preeclamptic group. Women in the preeclamptic group had significantly high blood pressure (systolic blood pressure [SBP]: 137.7 -17.4 versus 104.7 -11.1 mm Hg and diastolic blood pressure [DBP]: 92.0 -11.5 versus 64.0 -8.6 mm Hg) than the non-preeclamptic group (P <0.001). Birth weight was also lower in preeclamptic women than in the control group (2.453 -634 versus 2.981 -783 g;P <0.001).
Periodontal condition is presented in Table 3 . Compared to controls, periodontal disease was more prevalent in the cases (P £0.001). Chronic periodontitis was more prevalent in the preeclamptic group (63.8%) than in the non-preeclamptic group (36.6%), and this difference reached statistical significance (P £0.001). When chronic periodontitis was considered according to severity, incipient periodontal destruction was observed in 42.3% of cases, whereas moderate/severe destruction was detected in 21.5% of preeclamptic women. The risk for women having periodontitis or attachment loss ‡4 mm to develop preeclampsia showed an OR of 3.0 (95% CI: 1.91 to 4.86; P <0.001). A higher OR in preeclamptic women was observed with moderate/severe periodontitis (OR: 3.32; 95% CI: 1.79 to 6.15; P <0.001). Only one subject out of 384 people studied was considered to be periodontally healthy. Additionally, more clinical attachment loss was found in the preeclamptic group compared to the control group (4.0 -0.10 versus 3.0 -0.08 mm, respectively; P <0.001).
The prevalence of P. gingivalis, T. forsythensis, and E. corrodens was higher in the preeclamptic group (61.5%, 28.5%, and 49.2%, respectively) than the non-preeclamptic group (P <0.01) ( Table 4) . Bivariate analysis showed positive association between the risk of having preeclampsia and the presence of these pathogens (Fig. 1) .
DISCUSSION
The results of this case-control study support the hypothesis that chronic periodontitis infection increases the risk of developing preeclampsia in pregnant women. These results also suggest that maternal chronic periodontal disease is a risk factor for children with low birth weight among preeclamptic women (cases) compared to non-preeclamptic women (controls). After evaluating the relationship between demographic, periodontal, subgingival microbiological factors, and preeclamptic disease in the present study, the following significant associations were found in the preeclamptic group: SBP, DBP, LBW (P <0.001; Table 2 ), and chronic periodontitis (P <0.001; Table 3 ). Differences in SBP, DBP, and LBW were expected, taking into account that preeclamptic women have high SBP and DBP and usually have preterm delivery or intrauterine growth restriction that increases the risk of having LBW. 2 Regarding maternal periodontal disease, periodontitis is characterized by exacerbation periods interspersed with periods of remission and presents a local microbial burden that initiates local inflammation and local tissue destruction. 25 It has been hypothesized that women with active periodontal disease during pregnancy may have transient translocation of oral bacteria to the maternal and fetal blood circulation, inciting placental inflammation or oxidative stress early in pregnancy, which ultimately produces placental damage and the clinical manifestations of preeclampsia. 26, 27 Interestingly, the OR for chronic periodontitis in the preeclamptic group was 3.0 (CI: 1.91 to 4.87) compared to the non-preeclamptic group. The presence of periodontal disease in pregnancy is not only seen among preeclamptic mothers because 36% of the non-preeclamptic group also had chronic periodontitis. Thus, the strong influences of periodontal disease on promoting the development of preeclampsia suggest that periodontal disease may represent a vascular stressor to the mother, placenta, and fetus. Furthermore, it was found that the possibility that mothers have preeclampsia increased with greater periodontal destruction ( Table 3) .
The mechanisms leading to preeclampsia are still poorly understood, and although abnormal Table 3 .
Periodontal Conditions and Clinical Parameters in Preeclamptic and Non-Preeclamptic Groups
Non-Preeclamptic (N = 243) test. † Chronic periodontitis versus preeclampsia, OR = 3.0 (95% CI: 1.91 to 4.87; P <0.001). ‡ Incipient periodontitis versus preeclampsia, OR = 2.34 (95% CI: 1.47 to 3.71; P <0.001). § Moderate/severe periodontitis versus preeclampsia, OR = 3.32 (95% CI: 1.79 to 6.15; P <0.001). i Two-tailed t test (P £0.05).
¶ Number of teeth lost excluding third molars.
placentation occurs in impaired perfusion, it is not sufficient to cause the hypertension and proteinuria observed in preeclampsia. 28 Endothelial cell dysfunction is a key feature of preeclampsia, potentially explaining the multiorgan nature of the disorder. This dysfunction is demonstrated by the structural changes in the placental bed and uterine boundary vessels and the high maternal blood levels of markers of endothelial damage such as fibronectin, von Willebrand factor, endothelin, tissue plasminogen activator, and thrombomodulin. 29, 30 An increase in oxidative stress due to reduced placental perfusion is a possible mediator of endothelial cell dysfunction. Placental ischemia is a common feature of preeclampsia and enhances the synthesis of inflammatory cytokines such as TNF-a that can induce oxidative damage. 31 Under hypoxic conditions, free radicals of oxygen are formed that can stimulate lipid peroxidation of free fatty acids, leading to the injury of endothelial cells. Increased plasma levels of free 8-isoprostane, a marker of lipid peroxidation and a potent vasoconstrictor, have been observed in preeclamptic women. 32 Recently, Beck and Offenbacher 33 reported that periodontal disease is a vascular stressor as evidenced by increases in serum levels of soluble intercellular adhesion molecules (sICAMs). It also has been hypothesized that normal pregnancy and preeclampsia are part of the same continuum, where pregnancy is accompanied by a mild proinflammatory state, and preeclampsia is characterized by a more severe level of inflammation. 34 The immune system is downregulated in pregnancy, and the proinflammatory state in pregnancy may be necessary to protect the mother from infection. 35 Periodontal disease may burden pregnant women systemically with endotoxin, inflammatory cytokines, and oxidative stressors at the maternal-fetus interface. Others have suggested that infection may be an important trigger of the inflammatory response that characterizes Odds ratio for the presence of periodontopathic bacteria according to microbial association complexes in the preeclamptic group (*x 2 test; P <0.001).
preeclampsia and may also initiate the preeclamptic process by increasing the risk for acute uteroplacental atherosis. 36, 37 Increasing evidence links periodontal disease and cardiovascular disease due to vascular endothelial dysfunction and atheroma formation. It is possible that similar mechanisms may also play roles in the developing of preeclampsia. It is of interest that the subgingival presence of two red complex microorganisms 38 (P. gingivalis and T. forsythensis) and one green complex microorganism (E. corrodens) was more prevalent in the preeclamptic group (Table 4 ; Fig. 1 ). A number of experimental studies have linked virulence factors of P. gingivalis to complications in pregnancy outcome [39] [40] [41] [42] and the pathogenesis of atheroesclerosis. 43 This Gramnegative periodontal pathogen may find its way into the bloodstream (bacteremia) in patients with periodontal disease as a result of oral hygiene procedures or even chewing. 44, 45 Furthermore, P. gingivalis has not only been found in the circulation but also in atherosclerotic plaques. 46 The cysteine proteinases produced by P. gingivalis, termed gingipains, are considered to have potentially deleterious effects in activating coagulation factors and platelet aggregation 47, 48 and in altering the cytokine response in human umbilical-vein endothelial cells. 49 Other important virulence factors of P. gingivalis are the fimbriae and lipopolysaccharide that can activate spleen cells and peripheral blood monocytes, resulting in the release of proinflammatory cytokines such as IL-1, IL-6, and TNF-a. 50, 51 T. forsythensis possesses virulence traits, including the production of LPS and a trypsinlike protease, 52 and the ability to penetrate and induce apoptosis in host cells. 53 Taken together, this experimental evidence may explain, in part, the possible mechanisms of P. gingivalis and T. forsythensis virulence factors involved in preeclampsia development.
This study determined that periodontal disease is associated with preeclampsia and that two red complex microorganisms were more prevalent in the preeclamptic group. The results reported here provide additional evidence as to whether periodontal infection is linked to preeclampsia; however, further research is needed to support a causal association and its clinical implications. 
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